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A wufcrifcive ComPositi oTi and a Method for its Preparation 


The present invention relates to a sterile, aqueous 
5 preparation which is intended for administering nutrie- 

nts to human beings and animals and containing glutam- 
ine, and to a preparation prepared in accordeuice with 
the method. The invention also relates to a packaging 
device for handling such a preparation. 

10 

More specifically, the invention relates to a sterile 
nutritive composition which contains glutamine together 
with other nutritive substances, such as amino acids, 
fats, and then particularly in emulsion form, energy 
15 substrates, such as glucose, sugar alcohols and keto 

acids, vitamins, mineral substances and/or trace ele- 
ments, and to a method of preparing such a sterile 
nutritive solution • 

20 Background 

Observations made in recent years have indicated that 
glutamine has an important significance when used as a 
component in nutritive solutions. According to some 

25 theories, glutamine, which constitutes the most signi- 

ficant transporter of nitrogen from muscle, has a 
stimulating effect on the protein synthesis in muscle 
tissue. Following serious trauma, surgery, sepsis, 
etc. , there occurs a drastic reduction in the free 

30 glutamine reserve in skeletal muscle (Vinnars E. Bergs- 

trom J and Fxirst P. : Influence of the Postoperative 
state on the Intracellular Free Amino Acids in Human 
Muscle Tissue; Annals of Surgery 182:665-671 (1975), 
and Askanazi J, et al: Muscle and Plasma Amino Acids 

35 Follow Injury. Influence of Intercurrent Infection. Ann 


Surg- 192:78-85 (1980)). The glutamine is also an 
essential energy source for the intestinal mucous 
membrane tissue (Windmueller H.G. Spaeth A E: Identi- 
fication of Ketone Bodies and Glutaiaine as the Major 
Respiratory Fuels in Vivo for Postabsorptive Rat Small 
Intestine, J Biol. Chem. 253:69-76 (1978)). In total 
intravenous nutrition, a certain degree of atrophying 
or wasting occurs in the mucous membrane of the 
intestines. Experiments on animals have shown that this 
negative effect can be counteracted, by administering 
glutamine intravenously. This wasting of the mucous 
membrane of the intestines observed in conjunction with 
intravenous nutrition, and also in conjunction with 
serious trauma can contribute to the passage of bac- 
teria across the intestine wall and into the blood, 
which can decisively influence the survival chances of 
the patient concerned. When carrying out experiments on 
animals whose intestines had been damaged experimental- 
ly, glutamine was found to give a longer survival time 
and a lower mortality rate (Hwemg T L, et al: Preserva- 
tion of Small Bowel Mucosa Using Glutamin-Enriched 
Parenteralnutrion . Surg. Forum 37 : 56-58 ( 1986 ) ) • 

It is thus desirable to be able to provide a solution 
or emulsion which contains glutamine together with 
other nutritive components and which is intended for 
nutrient administration. One problem, however, is that 
glutamine solutions cannot be sterilized by autoclav- 
ing, since free glutamine in solution is not heat 
resistant. When a solution which contains glutamine is 
heated or stored for longer periods at room tempera- 
ture, the glutamine decomposes to ammonia and pyro- 
glutamic acid. Such substances cannot be accepted in 
nutritive solutions intended for intravenous 
administration. This is the reason why no glutamine is 


included in the parenteralnutrion amino~acid solutions 
at present available conmiercially. 

Endeavours have been made to overcome this stability 
problem, by providing glutamine in the form of a 
derivative, such as dipeptides, for instance, which are 
more heat resistant and which can therefore be auto- 
claved together with other amino acids. However, the 
need to administer the derivative of a compound is not 
totally satisfactory, since the biological accessibili- 
ty of the compound can be influenced disadvantageously . 
The manner in which substances foreign to the body are 
utilized can also vary considerably from one group of 
patients to another. Furthermore, it is normally easier 
to have a substance registered as a drug with the 
authorities when the substance concerned exists in a 
non-derivatized form. Furthermore, such glutamine 
derivatives as dipeptides are considerably more expen- 
sive than pure glutamine. The administration of a large 
quantity of dipeptide can also result in an unneces^ 
sarily high supply of some other amino acid, such as 
glycine or alanine. 

The aforesaid drawbacks and disadvantages are elimi- 
nated by the present invention, which provides a 
sterile, aqueous nutritive preparation for administra- 
tion to human beings and animals and which contains 
glutamine in a desired mixttire with other desirable 
nutritive additives. Prior to use, the preparation is 
completely stable when stored and can be readily con*- 
verted to an administerable or ready-for-use state, 
even by relatively unskilled persons. Because there is 
no marked difference between the preparation when in 
its administerable state and earlier known nutritive 
preparations, the inventive preparation can be 
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registered more readily as a drug before the 
authorities concerned. 

In accordance with the invention, there is provided a 
5 sterile, aqueous nutritive preparation for administra- 

tion to human beings and animals and containing gluta- 
mine, the preparation being characterized in that the 
glutcunine, in a substantially water-free state, has 
been sterilized by sxibjecting the preparation to the 

10 influence of ionizing radiation, and subsequently 

combined with the remainder of the preparation. Because 
the glutamine, in a dry state, has been sterilized by 
radiation and the remainder of the preparation exists 
in the form of a sterile solution or emulsion, the ad- 

15 ministerable preparation will also be obtained in a 

sterile state, provided that measvures necessary for 
maintaining sterility are undertaken when combining the 
sterilized glutamine with the remainder of the pre- 
paration. Such measures are well known to one of normal 

20 skill in this art. 

The present invention also relates to a method of 
preparing a sterile, nutritive preparation intended for 
administration to human beings and animals and contain- 

25 ing glutamine. The method is ch£uracterized in that the 

glutamine, in a substantially water-free state, is 
sterilized separately and alone, by subjecting said 
glutamine to the influence of ionizing radiation, and 
in that the sterilized glutamine is then combined with 

30 the remainder of the preparation. 

The present invention also relates to a packaging 
device for providing an administerable, sterile, 
aqueous nutritive preparation intended for administra- 
35 tion to human beings and animals and containing 
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glutamine, said packaging device being characterized in 
that the device comprises a container constructed from 
a material which can be penetrated by ionizing radia- 
tion and which will not be decomposed by such radia- 
5 tion; in that the container contains a desired quantity 

of substantially water-free glutamine which has been 
sterilized by the influence of ionizing radiation; and 
in that the container is intended to be filled, \mder 
sterile conditions, with the remainder of the prepara- 
10 tion in solution and/or emulsion form, such as to mix 

with the glutcimine and dissolve the same. 

According to one particular embodiment, the inventive 
packaging device consists of a bag-like container made 
15 of plastic foil material which contains the sterilized 

glutamine and which is provided with known means for 
delivering and withdrawing a liquid preparation. 

Figures 1-3 of the accompanying drawing illustrate 
20 embodiments of a packaging device for providing a 

nutritive preparation in accordance with the invention. 


It is previously known that drugs can be sterilized by 
subjecting the same to the influence of ionizing radia- 
tion. It has been found, however, that radiation treat- 
ment of all nutritive components in mixture and the 
subsequent addition of a sterile aqueous phase for 
producing an administerable preparation, i.e. a prepar- 
ation which is ready for use, is less suitable, because 
of the risk incurred by reactions between the various 
components present when irradiating said components. 
This risk is avoided when practicing the present inven- 
tion, since only one of the components of the pre- 
paration is irradiated, and then in a water-free state. 


35 
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Attempts have also been made to achieve sterility of 
the administer€d>le preparation by sterile filtration 
techniques* Sterile filtration, however, cannot provide 
a fully acceptable result from the aspect of sterility, 
particularly when the preparation shall be administered 
parenterally, where the requirement of complete steri- 
lity is strict. Furthermore, sterile filtration is 
extremely difficult to ccirry out in practice, when the 
preparation contains emulsified fat. 


When practicing the present invention, the glutamine 
and the packaging device in which it is contained are 
sterilized simultaneously by ionizing radiation, in a 
manner known per se* The radiation concerned may be X- 

15 ray radiation, gamma radiation, electron radiation or 

some other type of ionizing radiation used convention- 
ally for sterilizing purposes. Geuama radiation emitted 
from a radioactive nuclide, such as cobalt 60, is often 
used, as are also high energy electrons from accelera- 

20 tors. The radiation dosage applied for sterilizing the 

glutamine and its container is conventional and can be 
readily established by the skilled parson on the basis 
of simple routine experiments, while taking into con- 
sideration such factors as the geometric configuration 

25 of the iirradiated packaging device, the material from 

which it is made, temperature and like parameters. The 
radiation dosage applied is normally from 1 to 60 kGy, 
and then preferably 8-25 kGy. 

30 Those components of the administerable, nutritive 

preparation additional to the glutamine are convention- 
al and well known to the skilled person. Thus, the 
preparation can contain fxirther amino acids, essential 
and non-essential, carbohydrates, such as different 

35 sugar types, for instance glucose, fructose and/or 


maltose, sugar alcoh Is, such as s rbitol and xylitol, 
or keto acids, optionally in the form of salts or 
esters, vater-soluble and/or fat-soluble vitamins, 
minerals, and/or trace elements. An important nutrient 
is also fat in an emulsified form. The components 
included in the preparation and the quemtities in which 
these components are present is determined by the 
quantity and composition of the nutrient to be 
administered. 

The preparation is produced by mixing the ingoing 
components, in solid, dissolved or emulisified form, 
with a water phase under sterile conditions, and then 
incorporating the radiation-sterilized glutamine in the 
mixture. Because the glutamine is sensitive to heat, 
incorporation of the glutamine in said mixture should 
not be effected at too high a temperature, and then 
preferably not at a temperature above room temperature. 
It has been found less suitable to first mix all com- 
ponents in a dry state and then add the water phase, 
since this requires a higher temperature and/ or a 
longer time period in order to achieve complete dis- 
solution. 

When producing the administerable preparation, it has 
been found particularly advantageous to either add to 
the sterilized, substantially water-free glutamine the 
remaining components of the preparation in a dissolved 
and/or emulsified form, preferably in a packaging 
device constructed in accordance with the invention, or 
alternatively by adding the sterilized, essentially 
water-free glutamine to the solution or emulsion of the 
remaining preparation components. 

The administerable preparation containing dissolved 
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glutaBine should not be exposed to high teiaperatures , 
since the glutamine will then decompose, as explained 
in the aforegoing. Marked decomposition of the gluta- 
mine also occxirs when storing the preparation at room 
5 temperattire. The preparation remains relatively stable, 

however, iinder cold conditions, and can be stored in a 
refrigerator for several months without being impaired 
to any 'serious extent. 

10 The inventive preparation is particularly suited for 

parenteral nutritive administration, particulcirly 
intravenous administration, to patients who are unable 
to take-in food in the normal manner, due to injury or 
illness. High demcoids are placed on complete sterility 

15 of the preparation in cases such as these. The prepara- 

tion, however, can also be taken orally, either noanaal- 
ly or with the aid of a stomach tube. 

An inventive packaging device for providing an 

20 administereible, sterile nutritive preparation contain- 

ing glutamine can be constructed in different ways. One 
suiteible embodiment of the inventive packaging device 
comprises a bag-like container made of plastic foil 
material and containing the sterilized glutamine. In 

25 this case, the packaging device is provided with ports 

or other known devices through which liquid prepara- 
tions can be introduced into and removed from the 
packaging device under sterile conditions. Packaging 
devices of this kind are known to the art, and it is 

30 also known to sterilize empty packaging devices of this 

kind by ionizing radiation. According to the present 
invention, a desired quantity of essentially water-free 
glutamine is introduced into the packaging device, 
which is then sealed and sterilized by radiation 

35 together with its glutamine content. Siibseguent to this 


9 


Sterilizing process, the packaging device and the 
sterilized glutamine contained therein can be stor d 
for a considerable length of time, before preparing the 
adininisterable or ready-f or-use preparation. 

The inventive packaging device can also be conf igiired 
in various ways, for the production of the administer- 
able preparation. In its simplest form, the inventive 
packaging device comprises only one single space in 
which the sterilized glutamine is located and to which 
the remaining components of the preparation are intro- 
duced, in a dissolved or emulsified state. 

This packaging device configuration is illustrated in 
Figure 1 of the accompanying drawing. This Figure 
illustrates a packaging device 1 having an internal 
container space 2, in which the dry and sterile gluta- 
mine 3 is located. The packaging device includes an 
inlet 4 provided with a closure device 5, through which 
the remaining components of the preparation are intro- 
duced, and an outlet 6 having a closure device 7, 
through which the administerable preparation is taken 
from the packaging device. The closure devices 5 and 7 
may be configured in different ways. In its simplest 
and preferred form, in which the packaging device has 
the form of a plastic-foil bag, the closure devices may 
simply consist of seam welds formed in the plastic 
material. When wishing to introduce preparation com- 
ponents into the packaging device, the inlet can be 
simply cut off beneath the seam weld, so as to permit 
entry to the space 2, or the preparation components can 
be introduced into the space 2 with the aid of a can- 
nula, which is inserted through the wall of the pack- 
aging device- Removal of administerable preparation can 
be ffected in a similar manner, by cutting open the 
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outlet S, or with the aid of a cannula inserted through 
the packaging device wall close to the outlet 6. Intro- 
duction and withdrawal with the aid of a cannula has 
the advantage of ensuring complete sterility of the 
5 packaging device content more readily, both before and 

after preparing the administeredDle preparation • 


The closure devices 5 and 7, however, may also have the 
form of known valve devices incorporated in pipes. 


10 


According to another embodiment, the packaging device 
may be divided into two spaces, with the glutamine 
located in one of said spaces. This embodiment is 

15 illustrated in Figure 2. In this case, the packaging 

device 10 is divided into two spaces 11 and 12 which 
are separated by a partition 13. The partition 13 has 
formed therein a passageway 14, in which a filter 15 
may optionally be incorporated. This filter, for in- 

20 stance, may be a sterile filter. The glutamine 16 is 

present in a dry and sterile state in the one space 11, 
and this space may also be provided with an inlet 17 
for the introduction of preparation components. The 
other space is provided with an outlet 18 for the 

25 withdrawal of administerable preparation, and option- 

ally also with a further inlet 19 through which addi- 
tional preparation components can be introduced into 
the device. The two inlets 17 and 19 and the outlet 18 
are also provided with suitatble closure devices, as 

30 described with reference to the earlier embodiment. 

These closure devices have not been shown, for the sake 
of clarity. 


When preparing the administerable prepsuration, the 
35 water phase is introduced through the inlet 17 to the 


11 


space 11 containing the glutamine 16^ optionally to- 
gether with dissolved and/or emulsified components, so 
that the glutamine 16 is dissolved. The glutamine 
solution with the optionally introduced further com- 
ponents, then flows through the passageway 14 and 
through the filter 15, when present, to the space 12. 
Additional components may optionally be introduced into 
said space, through the inlet 19, and the administer- 
able preparation withdrawn through the outlet 18. Thus, 
it is not necessary to mix all of the remaining pre- 
paration components immediately with the dry glutamine 
and dissolve said glutamine, but that dissolution of 
the glutamine can be effected with solely a part of 
said components. The remaining components of the pre- 
paration are then added to the glutamine solution 
previously prepared. 

In accordance with one vciriant of this second embodi- 
ment of the inventive packaging device, the first space 
may include a coltunn-like structure, in which the 
glutamine is held. This variemt is illustrated in 
Figure 3, in which corresponding parts of the packaging 
device are identified with the same reference signs as 
those used in Figvire 2. In this case of the Figure 3 
embodiment, the first space 11 has a column-like con- 
figuration, in which the dry and sterile glutamine 16 
is located. Moiinted between the first space 11 and the 
second space 12 is a passageway or conduit 14, in which 
a filter 15 may be mounted, for insteUice a sterile 
filter. The glutamine solution is collected in the 
second space 12 and is admixed optionally with further 
preparation components, entering through the supply 
line 19, prior to withdrawing the administerable 
preparation through the outlet 18. Although not shown 
in the Figure, the inlet and outlet lines are provided 
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with appropriate closure devices, in a mcinner simileir 
to the earlier described embodiments. 


The embodiment illustrated in Figxire 3 has the advan- 
5 tage of enabling dissolution of the glutamine to take 

place under gentler conditions when the water phase is 
added. 

All embodiments require the glutamine, enclosed in a 
10 dry state in the sealed packaging device, to have been 

sterilized by ionizing radiation prior to preparing the 
administerable preparation. Since the dry glutamine has 
relatively good stability, the glutamine can be stored 
over a considerable period of time between steriliza- 
15 tion and production of the administerable preparation. 

Complete sterility of the glutamine will be maintained 
during the whole of this storage period, provided that 
the packaging device remains fully sealed. 

20 It is essential that the inventive packaging device is 

constructed from a material which will not decompose or 
emit deleterious reaction products when subjected to 
the influence of ionizing radiation in the dosages used 
for sterilization purposes. For instance, different 

25 known plastic foil materials can be used. The foil 

materials used will also preferably be not-readily 
permeable to gases. Such foil materials may be homogen- 
ous or in laminate form, and several types of material 
which satisfy these requirements are known to the art. 

30 It is also important that the packaging device is 

constructed in detail in a manner which will permit the 
introduction of the liquid phase, the dissolution of 
the glutamine and the withdrawal of the administerable 
preparation to be effected while maintaining sterile 

35 conditions. Liquid packaging devices of such designs 
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X3 

ar also knovn to "the art. 

The present invention provides a sterile, aqueous 
preparation which contains gluteuaine and which is 
5 intended for administration to human beings and ani- 

mals. This has not earlier been possible to achieve. 
The method of preparing the administerable preparation 
is also simple and the major part of the method is 
based on known techniques- Empty bag-like packaging 

10 devices are already sterilized by ionizing radiation in 

present times, and it is technically simple to place 
dry gluteunine in the packaging devices prior to ir- 
radiation. Conventional methods and also conventional 
apparatus are found for subsequently introducing the 

15 remaining nutritive components, in a dissolved or 

emulsified state into the packaging devices at desired 
times. 
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Claims 

1- A sterile, aqueous nutritive preparation intended 
for administration to human beings cind animals and 
5 containing glutamine, characterized in 

that the glutcimine, in a substantially water-free 
state, has first been sterilized by subjecting the 
glutamine to the effect of ionizing radiation, cuid 
thereafter combined with the remainder of the pre- 
10 par at ion. 

2. A preparation according to Claim 1, charac- 
terized in that it contains further amino acids 
in addition to glutamine, fat in emulsified form, 

15 carbohydrates, vitamins, minerals and/ or trace 

elements. 

3. A preparation according to Claim 1 or 2, 
characterized in that combining of the 

20 glutamine with the remainder of the preparation has 

been effected by adding said remainder, in a dissolved 
and/ or emulsified form, to the sterilized, sub- 
stantially water-free glutamine. 

25 4. A preparation according to any one of Claims 1-3, 

characterized in that sterilization has 
been effected with a radiation dosage of 1-60 kGy, 
preferably 8-25 kGy. 

30 5. A method of producing a sterile, aqueous nutritive 

preparation intended for administration to hioman beings 
and animals and containing glutamine, charac- 
terized in that the glutamine, in a sub- 
stantially water-free state, is sterilized separately 

35 and alone, by subjecting the glutamine to the influence 
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of ionizing radiation, whereafter the sterilized gluta- 
mine is coinbiiied with the remainder of the preparation. 

6. A method according to Claim 5, charac- 

5 terized in that said sterilization is effective 

with a radiation dosage of 1-60 kGy, preferably 
8-25 kGy. 

7 , A method according to Claim 5 or 6, char- 
10 acterized in that the glutamine is combined 

with the preparation by adding the remaining prepara- 
tion components, in a dissolved or emulsified state, to 
the sterilized, substantially water-free glutamine. 

15 8. A method according to Claim 5 or 6, char- 

acterized in that the glutamine is combined 
with the preparation, by adding the sterilized, sub- 
stantially water-free glutamine to a solution or emiul- 
sion of the remaining components of the preparation. 

20 

9. A packaging device for providing administerable, 
sterile aqueous, nutritive preparation intended for 
administration to human beings and animals and contain- 
ing glutamine, characterized in that the 

25 packaging device comprises a container made of a mater- 

ial which is permeable to ionizing radition but which 
will not be decomposed by said radiation, in that the 
container contains a desired quantity of substantially 
water-free glutamine which has been sterilized through 

30 the influence of ionizing radiation, and in that the 

container is intended to be filled, under sterile 
conditions, with the remainder of the preparation, in 
solution and/ or emulsion form, and mixed with the 
glutamine such as to dissolve said glutamine. 

35 
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10. A packaging device according to Claim 9, 
characterized in that it comprises a bag- 
like container made of plastic-like foil material and 
containing the sterilized gluteunine, and in that the 
packaging device is provided with known devices for the 
introduction and removal of liquid preparation. 

11. A packaging device according to Claim 9 or 10, 
characterized in that the container is 
divided into two spaces which are mutually connected, 
optionally through a filter; in that the glutamine is 
located in one of said spaces; in that the spaces are 
so disposed that a part of the preparation, or the 
remainder of the preparation, in solution and/ or emul- 
sion form is introduced into the space in which the 
glutamine is located and dissolves said glutamine, 
whereafter the resultant preparation is caused to flow 
to the second space, from which said preparation is 
withdrawn . 

12. A packaging device according to Clainm 11, 
characterized in that the space in which 
the glutamine is located has a column-like con- 
figuration and is so constructed that a pcort of the 
preparation, or the remainder of the preparation, is 
introduced into the column with the glutamine and 
dissolves said glutamine, and is thereafter caused to 
flow to the second space. 

13. A packaging device according to Claim 11 or 12, 
characterized in that the second space is 
also provided with means for introducing and with- 
drawing preparation components. 
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